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催化剂上 CO的氧化电位提前 132 mV，且其对乙醇和乙二醇氧化的质量比活性


































After 200 years development, the basic theory of electrochemistry has been 
perfected gradually thus it also has been widely used as a highly practical discipline. 
The application of electrochemistry in many important areas such as energy, material, 
environment and life make it developed rapidly and became the most striking 
discipline in the field of chemistry. The electrochemical reaction involves the charge 
transfer of the two phase interface with the most striking features that the strength of 
the interfacial electric field is up to 108 V cm-1. Therefore, the advantages of 
electrocatalysis lies in the synergistic effect of the catalyst and the controlled interface 
electric field which can control the direction and progress of reactions through 
adjusting the energy in the electrochemical reactor system. With the rapid 
consumption of fossil energy and the increasingly serious environmental pollution, 
especially the rapid growth of the automobile industry, the development of human 
society is facing severe challenges. In response to this challenges, electrochemical 
energy conversion and green electrochemical control synthesis of material will play a 
more critical role, and also face more opportunities for development. 
Electrochemically controlled synthesis was successfully used in the preparation 
of metal nanocatalysts with high-index facets, however, the two-dimensional growth 
pattern on the electrode surface limit the output of the efficient catalysts thus hinder 
the practical application of the catalysts. In this work, the electrochemical behavior of 
the conductive carrier in the electrochemical reactor was studied by means of 
experimental design and a new phenomenon of locally-enhanced interfacial potential 
(LEIP) existed around the surface of the conductive carrier was discovered. By 
employing the MEMS technique to fabricate the chips with clear microstructures, the 
character of LEIP was investigated while a new mechanism of LEIP controlled 
synthesis which was applied in the continuous synthesis of metal nanocatalysts was 
proposed. The main results are as following: 













厦门大学博士后研究工作报告          电化学局域增强电势现象的探究及其在电化学控制合成中的应用 
IV 
 
behavior of conductive carriers in electrochemical reactor. Glass carbon and carbon 
paper with macro-size were firstly taken as the conductive carrier which were 
suspended in the electrochemical reactor for the detection of the potential difference 
between two sides of the carriers. The results showed that the potential difference 
between two sides of the carriers was much higher than that of the IR drop which 
indicted the existence of the LEIP phenomenon. 
  2. By employing the MEMS technique to fabricate the chips with clear 
microstructures, the character of LEIP was investigated more in depth. The results 
confirmed the existence of the LEIP phenomenon with a existent range within 50μm 
distance from the surface of the conductive particle which decrease as the distance 
increase. The amplitude of LEIP increased with the particle size until the diameter 
reach to 100μm after where the IR drop became higher than LEIP. The amplitude and 
frequency of LEIP varied with the variation of the applied SWP potential which can 
be adjusted to indirectly control the LEIP hence control the direction and progress of  
redox reactions on the conductive particles. 
3. Based on the combination of experimental exploration and preliminary 
theoretical calculation, the LEIP phenomenon was also existed on the surface of 
carbon particles dispersed in solution, and a mechanism of LEIP controlled synthesis 
for supported metal nanocatalysts was proposed: Under the action of outer electric 
field, LEIP was induced thus the reduction of Pt ions and the oxidation of carbon 
reacted on two sides of carbon particles; after the periodical treatment of SWP, carbon 
supported metal nanocatalysts with high-density step atoms were produced. 
4. Carbon supported Pt nanocatalysts with high density of step atoms 
(HDSA-Pt/C) have been produced by employing the electrochemical flow reactor 
system based on LEIP. When the obtained HDSA-Pt/C catalyst has an average 
particle size of 4.1nm, it possesses a density of step atoms enhanced by 41.6% 
compared with that of commercial Pt/C. When the particle size reached to 20nm, the 
Pt nanoparticles present obvious shape of tetrahexahedrons. Moreover, the 
















tolerability of CO and 1.5～1.9times higher catalytic activity than that of commercial 
Pt/C catalysts towards electrocatalytic oxidation of ethylene glycol and ethanol. 
5. The electrochemical flow reactor system based on LEIP controlled mechanism 
can also be used for the continuous synthesis of other different metal nanocatalysts. 
By changing the composition of solution, PtPd/C alloy nanocatalysts with excellent 
properties towards formic acid electrooxidation was prepared successfully. It is worth 
mentioning that metal nanocatalysts supported on other materials can be prepared by 
changing the type of the carriers. 
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